
Mike Botts - May 2003 1

Sensor Model Language (SensorML):
XML-Based Language for In-situ and Remote Sensors

Dr. Mike Botts

Earth System Science Center, NSSTC
University of Alabama in Huntsville

Huntsville, AL 35899
(256) 961-7760

mike.botts@nsstc.uah.edu

NIST Workshop on Data Exchange
Standards at the Jobsite

May 29, 2003 



Mike Botts - May 2003 2

OGC Sensor Web Enablement 
Components

• Observable – a phenomenon that can be observed and measured

(referenced in an ObservablesDictionary)

• Sensor – a device that observes and/or measures a phenomenon

(SensorML)

• Observed value (Observation/Measurement) – the value returned by or 

derived from a sensor observation (e.g. quantity, count, boolean, 

category, ordered category, position)

• Sensor Collection Service – a service that provides observed values

• Sensor Planning Service – provides for acquisition requests

• Web Notification Service – Provides a means for Sensor Planning 

Service to alert people, software, or other sensors of sensor tasks alerts

• Registries – provide discovery mechanism for sensors and observed 

values
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History of SensorML

• Need recognized during NASA Interuse Experiment (1993 - 1996)

• Recommended by Committee for Earth Observation Satellites (April 1998)

• Initial design by M. Botts presented at CEOS (Sept 1998)

• Initial XML schema by M. Botts presented at CEOS (Sept 1999)

• Funded by NASA (Sept 2000 – July 2003)

• Considered as part of ISO TC 211, Project 19130 (Dec 2000 – present)

• Advanced as part of Open GIS Consortium (OGC) Sensor Web Enablement for in-

situ sensors (Sept 2001 – March 2002)

• Advanced as part of OGC Sensor Web Enablement for remote sensors (May 2002 –

Dec 2002)

• Investigation funded by NIMA/JITC (Aug 2002 – Dec 2002)
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SensorML Basics

Overview of Concepts and Applications 
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Scope of SensorML Support

• Designed to support a wide range of sensors

– Including both dynamic and stationary platforms

– Including both in-situ and remote sensors

• Examples:

– Stationary, in-situ – chemical “sniffer”, thermometer, strain gauge

– Stationary, remote – stream velocity profiler, tripod-mounted camera, Doppler 

radar

– Dynamic, in-situ – aircraft mounted ozone “sniffer”, GPS unit, dropsonde

– Dynamic, remote – satellite radiometer, airborne lidar, soldier-mounted video
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Use of SensorML for variety of sensor types



Mike Botts - May 2003 7

In-situ and Remote Sensor
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Information Provided by SensorML

• Observation characteristics

– Physical properties measured (e.g. radiometry, temperature, concentration, 

etc.)

– Quality characteristics (e.g. accuracy, precision)

– Response characteristics (e.g. spectral curve, temporal response, etc.)

• Geometry Characteristics

– Size, shape, spatial weight function (e.g. point spread function) of individual 

samples

– Geometric and temporal characteristics of sample collections (e.g. scans or 

arrays)

• Description and Documentation

– Overall information about the sensor

– History and reference information supporting the SensorML document
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SensorML Concepts

• SensorML is an XML schema for defining the geometric, dynamic, and 

observational characteristics of a sensor

• The purpose of the sensor description: 

– (1) provide general sensor information in support of data discovery

– (2) support the processing and analysis of the sensor measurements

– (3) support the geolocation of the measured data. 

– (4) provide performance characteristics (e.g. accuracy, threshold, etc.)

– (5) archive fundamental properties and assumptions regarding sensor

• SensorML provides functional model for sensor, not detail description of 

hardware

• Supports rigorous models, which describe sensor parameters independent of 

platform and target, as well as mathematical models which directly map 

between sensor and target space
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Components Needed for Geolocation of Sensor Data
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Applications of SensorML and SensorWeb Technology

• Sensor discovery

• Coincident search for relevant data (i.e. data discovery)

• On-demand processing of data products

• Dynamic on-demand fusion of disparate sensor data (interuse)

• Pre-mission planning

• Real-time guidance and pointing (e.g. Robotic construction?, UAVs?)

• On-board applications

– Autonomous operation / target recognition

– SensorWeb communication of location and targets

– Direct transmission of data and processing information to remote sites
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Visual Fusion of Disparate Sensor Data
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Sensor and SensorGroup

Sensor_1

measures position

SensorGroup

measures beam_position

measures beam_orientation

includes

Sensor_1

Sensor_2

Sensor_2

measures position
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Coordinate Reference Systems

Sensor CRS
Beam CRS

Building CRS

Site CRS

Geographic CRS
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Fusion at Construction Site
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SensorML Basics

SensorML Design and Specifics
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SensorML Schema: 
Sensor Identification

Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS



Mike Botts - May 2003 18

Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema: 
Sensor Identification

identifiedAs

documentConstrainedBy
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema: 
Document Constraints

documentConstrainedBy
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema:
Platform

attachedTo
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Platform
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

SensorML Schema:
Coordinate Reference System (CRS)

attachedTo

hasCRS
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema:
Sensor Location

locatedUsing
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SensorML Schema:
Location by Explicit description (ObjectState)
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SensorML Schema:
Location by Transform (_CoordinateOperation)
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema: 
Measurement Characteristics

measures

Note: observabletype
generally defined in an 
observables dictionary
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SensorML Schema: 
Measurement Characteristics (Measurand)
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SensorML Schema: 
Measurement Characteristics (Sample)
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SensorML Schema: 
Measurement Characteristics (Sensor Model)
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema:
Operating Authority

operatedBy
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema:
Sensor Description

describedBy
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Sensor Event Example
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

SensorML Schema:
Document Description

documentedBy
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Document History
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

Collapsing SensorML

Sensor

identifiedAs

documentConstrainedBy

optional

optional

optional

optional

optional

optional
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Sensor

identifiedAs

documentConstrainedBy

measures

Sensor

identifiedAs

documentConstrainedBy

Collapsing SensorML
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identifiedAs

Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

Sensor

documentConstrainedBy

Time Range of Sensor Document

documentConstrainedBy

<TimeRange>
<startTime> 1988-12-01T00:00.00Z </startTime>
<stopTime> 2002-06-03T00:00.00Z </stopTime>

</TimeRange>

Sensor model that 
rarely changes

<TimeInstance> 2002-06-01T12:31.06Z </TimeInstance>

Sensor model that 
changes with each 
image
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documentConstrainedBy

identifiedAs

Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

Sensor

Plug-n-play: Response Characteristics

Sensor

measures Sample

GeneralPropertyModel

RadiationModel

PopulationModel

ChemistryModel

characterisedBy
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Radiation Response Model
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Response Example - YSI Wind Speed Sensor
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documentConstrainedBy

identifiedAs

Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

Sensor

Plug-N-Play:
Sensor and Platform Location

locatedUsing
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Sensor

identifiedAs

documentConstrainedBy

measures

operatedBy

attachedTo

locatedUsing

describedBy

documentedBy

hasCRS

Plug-n-Play: Sensor Model

Sample

In-situ Model

locatedUsing

Grid Model

Scanner/Profiler

Optical Model

RPC Model
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Sensor Model – In-situ Sensor
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Sensor Model – Scanner/Profiler
Fundamental Geometry Model for Scanner/Profiler
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Sensor Model – Scanner/Profiler
Geometry for Different Scanners



Mike Botts - May 2003 46

Sensor Model – Scanner/Profiler
Scanning Principals

• Geometry and dynamics of scanners and profilers defined in terms

of Sweep, Elevation, and Profile coordinates

• Sweep is an angle parameter and is always about the Z (polar) axis, 

Elevation is an angle parameter and about the Y axis, 

Profile is a distance parameter measured from the sensor center

• The “nesting” of Sweep, Elevation, and Profile elements defines the 

order of scanning 

• Conic and linear sensors can be distinguished simply by the 

orientation of the sensor “spheroid” relative to the target
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Sensor Model – Scanner/Profiler
3D Scanner/Profiler
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Sensor Model – Scanner/Profiler
Example – SSM/I
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Sensor Model –
Frame Camera Model
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Sensor Model –
RPS (Rapid Positioning Coordinates) Model
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Directions and Issues

• Can SensorML do anything within the construction community?

• Possibilities

– Standard descriptions of all sensors in the community

• Easier assessment and discovery of sensors

• Common software for all sensors

– Archive of embedded/mounted sensor capabilities decades from now

– “Intelligent Jobsite” – construction progress, “in-time alerts” (e.g. 

stresses exceeded), robotic construction

– Fusion of disparate data from 4D site

• Benefits of buying into open-standards used by wide community

– Use of wide variety of data that will be available for the site (e.g. GIS data, 

aircraft surveys, etc.)

– Support from government agencies and software vendors

– Stability
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Relevant Web Addresses

• SensorML 

– http://www.opengis.org/ (public release documents)

– http://vast.uah.edu/SensorML

• Space Time Toolkit

– http://vast.uah.edu/SpaceTimeToolkit

– http://vast.uah.edu (example snapshots)
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Appendix A

Geolocation of Remote Sensing Data



Mike Botts - May 2003 54

Rigorous Geolocation 
of Satellite Sensor

Sample CRS
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Rigorous Geolocation 
of Satellite Sensor

Sensor Model:

Sample CRS to 

SampleCollection CRS
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Rigorous Geolocation 
of Satellite Sensor

SampleCollection CRS to 

Sensor CRS

Sensor CRS to 

Platform CRS
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Rigorous Geolocation 
of Satellite Sensor

Platform CRS to 

Earth-Centered-Inertial 

(ECI) CRS

Transform Platform CRS 

from ECI CRS to

Earth-Centered-Earth-

Fixed (ECEF) CRS
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Rigorous Geolocation 
of Satellite Sensor

Ellipsoid CRS defined 

in ECEF CRS
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Rigorous Geolocation 
of Satellite Sensor

Intersect look ray 

with ellipsoid in 

ECEF CRS
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Rigorous Geolocation 
of Satellite Sensor

Determine position 

in ECEF CRS
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Rigorous Geolocation 
of Satellite Sensor

Transform position 

from ECEF CRS to 

Lat-Lon-Alt CRS
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Rapid Position Coordinate (RPC) 
Geolocation of Satellite Sensor

rpcModel:

Transform directly from 

Sample CRS to Lat-Lon-Alt CRS
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Appendix B

History of SensorML
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SensorML History - 1

• NASA Interuse Experiment (UAH, JPL: ‘93–’96)

– Use of SPICE planetary navigation system for Earth Observation

– Initial Sensor description file developed by Bill Taber of JPL

• Space Time Toolkit (UAH: ’95 - present)

– Originally utilized SPICE for geolocation

– Later developed light-weight JAVA-based geolocation system with hardwired 

sensor classes

– Being used to test prototype SensorML designs through the application of 

sensor model classes

– Will be used to test XML-based SensorML
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SensorML History - 2

April 1998 - Recommendation to CEOS: Interoperability of Multiple Space Agency 
Sensor Data from the Global Mapping Task Team – Bernried, Germany

Definition of Problem: There is an increasing realization by Earth observation scientists that data from 
space-borne sensors are not adequately nor easily georeferenced to meet their requirements.  The 
consequence of this is that it is currently extremely difficult or impossible to combine data from 
different space-borne sensors or ground-based data.  The first impediment is the lack of adequate, 
publicly available data on the spatial-temporal extents of data from space-borne sensors.

Recommendation:  We, the CEOS Global Mapping Task Team, recommend that the space agencies 
seriously consider the production, storage, public access, and interoperability of adequate data for 
describing the dynamics and geometry of the sensor system.  These data might include satellite 
position (ephemeris), satellite rotations (attitude), sensor model (dynamics, geometry, and 
calibration), relevant planet models, and spacecraft clock model.  This data should be made 
available in real-time.

There should also be an effort to provide publicly available software to ingest the above data using 
a common API.  Any recommendations for the most appropriate propagation model should be 
adequate documented or algorithms provided.



Mike Botts - May 2003 66

SensorML History - 3

• CEOS Global Mapping Task Team – Boulder (Botts – Sept. 1998)

– Presents beginnings of a Sensor Description Format

– Task Team recommends consideration of XML

• CEOS Global Mapping Task Team – Charlottesville (Botts –

Sept. 1999)

– Presents the initial XML version of SensorML

• NASA Advanced Information Systems Technology (AIST) Program – March 2000

– March 2000 - Botts proposal accepted to continue development and implementation of 

SensorML

– Dec 2000 – funding received
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SensorML History - 4

• ISO TC 211, Project 19130 – Sensor and Data Model

– Dec 2000 - Liping Di (CEOS GMTT member) proposes and gets accepted 

Sensor Model standards study

– Study focuses on designing sensor model requirements

– Botts asked to serve as Team Member

– June 2001 – First meeting of team in Berlin

• OpenGIS Military Pilot Project (MPP1) – March 2001

– Botts accepted to participate with emphasis on Sensor Web enabling
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SensorML History - 5

• OpenGIS Open Web Services (OWS1) – September 2001-March 2002

– OGC began significant development of Sensor Web Enablement activities, 

funded primarily by EPA and NASA

– SensorML underwent significant extensions and modifications under activity 

• more robust support of various response characteristics

• Focus on in-situ sensors

• Redesign of SensorML as  XML Schema

• OpenGIS Open Web Services (OWS1.2) – May-December 2002

– OGC continues development of Sensor Web Enablement activities funded 

primarily by NIMA

– SensorML development continued with focus on support for dynamic, remote 

sensors

– First release of complete SensorML schema


